Introduction
Osteoarthritis (OA) is the most prevalent musculoskeletal disease, affecting 4% of the Brazilian population; it is associated with morbidities such as falls, depression, and obesity. [1] [2] [3] The mortality risk is 50% higher in patients with gait limitation due to knee and hip OA when compared with the general population. 4 By 2050, the mean life expectancy in Brazil will be 81 years, and 30% of the Brazilian population will be represented by the elderly. [5] [6] [7] [8] [9] In Brazil, a concerning fact regarding individuals over the age of 60 is that only 12% of the population in this age group had private health insurance in 2015. 10 The increase in the number of total knee (TKA) and hip (TKA) arthroplasties has a relevant social and economic impact, and countries such as Australia, the United States, England, Canada, and South Korea are therefore conducting epidemiological and financial studies on these surgeries. [11] [12] [13] [14] In Brazil, information on such procedures is scarce. National data on such surgeries performed under the Brazilian Unified Health System (Sistema Nacional de Saúde [SUS] ) are available through the Brazilian Ministry of Health website. However, these indicators do not represent the entire Brazilian population. 15 The objective of this study was to analyze the data of the primary TKA and THA provided by the Brazilian Ministry of Health/DATASUS between 2008 and 2015 and to observe the extent to which the SUS assists the Brazilian population for these surgeries at a state, regional, and national level, and to compare these results with international indicators.
Material and methods
The data for the study were obtained through PubMed and Google; as it did not involve any intervention or direct contact with patients, the study was not submitted to the ethics committee for approval.
The search terms used in both portals followed the PubMed Medical Subject Headings (MeSH) algorithm. The words used for the search were arthroplasty, replacement, knee, hip, cost, and epidemiology. The term AND was used between words as a Boolean operator.
A Google search was performed to obtain epidemiological, economic, and statistical data in Brazil through the search on the websites of the Brazilian Ministry of Health/DATASUS the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística [IBGE]), the National Agency of Supplementary Health (Agência Nacional de Saúde Suplementar [ANS]), and the World Health Organization (WHO). International statistical reports on arthroplasties were also obtained using the same MeSH terms.
Data on the authorization for hospital admission (AHA), mean length of hospitalization, and mortality rate in TKA and THA were collection from the website of the Brazilian Ministry of Health/DATASUS between 2008 and 2015.
The national and regional demographic indices in the study period were obtained from the IBGE website. 16 Only the portion of the population that consisted of elderly individuals relying exclusively on the SUS for healthcare was used for the population calculations, excluding individuals over 60 years old who had private healthcare plans registered at ANS at the national, regional, and state levels. 10 The classification of the elderly used in this study followed that presented in Art. 1 of Law 10,741, from October 1, 2003, known as the Statute of the Elderly, which establishes that this denomination applies for individuals over 60 years of age. The percentage of elderly individuals who underwent TKA and THA procedures at the national, regional, and state level was calculated by dividing the number of surgeries performed in that period by the relevant population in the study group.
The states were ranked according to the healthcare assistance they provided to their population regarding TKA and THA procedures, in which a higher proportion of surgeries in the elderly led to a better classification on the ranking.
Data on the number of TKA and THA procedures in European countries, the United States, and Australia were obtained from the epidemiological study published by Kurtz et al. 11 in 2011, which collected data on these surgeries from 2000 to 2010. These results were compared with the data from Brazil, aiming to contrast the arthroplasty coverage between economically developed countries and Brazil. For these calculations, the ratio of surgeries per 100,000 elderly individuals was used.
The results obtained at the national and regional levels for TKA and THA were distributed in tables, according to the characteristics studied, between 2008 and 2015. A general table was elaborated with data referring to the results obtained in each state.
Statistical analysis
Data on TKA and THA in economically developed countries, as well as information about Brazil and its regions, were statistically described as mean, median, mode, and percentiles for a descriptive comparison of the obtained results.
The annual growth rates in the number of TKAs and THAs, both internationally and in Brazil, were obtained by dividing the number of procedures of one year by those from the previous year. The mean value was calculated by adding all growth rates and dividing by the number of years under evaluation.
The number of AHAs, the mean time of hospitalization, and the mortality rates were collected directly from the Brazilian Ministry of Health website. 15 
Results

Number of TKAs and THAs performed in Brazil and its regions
Between 2008 and 2015, the Southeast region stood out, averaging 57% and 51.6% of the TKAs and THAs surgeries in the country. The South Region accounted for 29.1% and 28%, followed by the Northeast, with 7.8% and 12.9%; the Midwest accounted for 3.3% and 6.1%, and the North, for 2.6% and 1.2%, respectively (Tables 1 and 2 ).
The state of São Paulo, which has 49% of the elderly population of the Southeast, accounted for 47.4% and 53.8% of the TKAs and THAs, respectively. Espírito Santo, with 3.7% of the regional population, accounted for 6.9% of the TKAs in the Southeast region, and obtained the best ratio of knee prostheses per elderly individuals in Brazil. Through the same evaluation method, Distrito Federal presented the best THA coverage, accounting for 29.2% of regional surgeries and 14.4% of the elderly population (Table 1) .
In Brazil, TKA presented an annual growth oscillation, with a decreasing number of procedures between 2011/2012 and 2014/2015 (−1.1% and −2.3%, respectively). However, the mean annual growth between 2008 and 2015 was 8.7%. The only region that presented continuous growth in this surgery was the Southeast (Tables 2 and 3) .
THA presented periods of decrease in all regions studied. The negative highlight was for the Northeast, which presented a negative annual growth of −0.4% for the studied period. In turn, the Midwest region showed the highest mean growth (10%), followed by the North region (9.5%). At the national level, the rate of THA decreased by −1.4% in 2011/2012. However, the mean growth in the entire study period was 3.3% (Tables 2 and 3 ).
Elderly population who relied exclusively on SUS in Brazil and its regions
A discrepancy in the demographic distribution among the five regions of Brazil was observed. The Northeast is the second most populous region, accounting for 24.9% of the total number of elderly people who rely exclusively on SUS, second only to the Southeast, which accounted for 47.2% of the total population in this age group. The South, Midwest, and North regions accounted for 16.5%, 6.1%, and 5.0%, respectively ( Table 4) .
The North and Northeast regions presented the lowest proportion of elderly people, i.e., they had greater asymmetries between the base and apex of the age pyramid. In turn, the South and Southeast regions presented the highest proportion of individuals aged over 60 years. All regions presented growth of the elderly age range above that of the population (Table 4 ).
TKA and THA per 100,000 inhabitants -International, Brazil, and its regions
A growth in the number of THA and TKA procedures has been observed in Brazil. Nonetheless, the surgical coverage in the public healthcare system presented absolutely unsatisfactory results when compared with those of economically developed countries (Tables 2 and 5) .
SUS showed a care deficit of approximately 36 times (3.9/100,000 vs. 142.8/100,000) when compared with the assistance provided in developed countries in 2010. Regarding THA, the result was 24 times lower than the mean of the European countries, United States, and Australia (7.8/100,000 vs. 191.8/100,000; Table 5 ).
In Brazil, the mean number of THAs was twice as high (2.04) as the number of TKAs performed by SUS. In the Northeast and Midwest regions, the disproportion between the procedures was more evident, with a superiority of THA over TKA of 231% and 265%, respectively. In the South and Southeast regions, these rates were 115% and 81%, respectively. In the North region, the number of THAs was only 9% higher than that of TKAs, and some years showed an inversion in this predominance ( Table 6 ).
Proportion of TKA and THA in relation to the elderly population in Brazil and regions
Among all Brazilian regions, the Northeast presented the greatest care deficit for TKA, with a mean of one prosthesis made per 10,411 elderly individuals. The North region presented the worst THA coverage, with a mean of one surgery per 6849 elderly individuals ( Table 7) .
The South region presented the best ratio of knee and hip surgeries for the elderly population who relied exclusively on SUS: one THA and one TKA were performed per 1811 and 923 elderly individuals, respectively (Table 7) . The Southeast presented a THA rate similar to that observed in the Midwest. However, TKA presented disparate results among these regions, since the Southeast performed twice the number of surgeries as the Midwest (Table 7) .
The states with the worst results were Maranhão, which was ranked last for THA care (one surgery per 12,071 elderly individuals) and second to last for TKA (one surgery per 27,617 elderly individuals), and Amapá, which was ranked last for TKA (no surgeries in a population of 30,914 elderly individuals) and 24th for THA (one surgery per 7494 elderly individuals).
The state of Espírito Santo was ranked first for TKA, with one surgery per 1060 elderly individuals; Distrito Federal was the first for THA, with one surgery per 676 elderly individuals. In the South, Paraná was ranked third for both arthroplasties; Santa Catarina was ranked second and fourth place for a The classification considers individuals over 60 years of age, according to the law in force in the country for the classification of the elderly.
The other countries used the cut-off 65 years to define the elderly. 
Hospitalization for TKA and THA in Brazil and regions
The hospitalization duration for TKA showed regional disparities, since the North, Northeast, and Midwest regions presented a hospitalization time of approximately one day greater than the Southeast and South regions. The length of hospital stay for THA also presented heterogeneous results in Brazil. Contrary to the tendency in the studied period, the North and Northeast regions presented an increase in the hospitalization time -five and three days more than the South region for THA. The Southeast region presented a discrete oscillation of this index, ranging from 6.9 to 7.5 days. In the Midwest region, the mean hospitalization time increased by 2.2 days between 2008 and 2012, followed by a mean decrease of 2.7 days between 2012 and 2015. The South was the only region that showed a progressive decrease in the length of hospital stay for THA (Table 8) .
The comparison of the length of stay rates between the TKA and THA procedures indicated that hospitalization was 51.0% longer in the former when compared with the latter. The same regional analysis indicated a higher mean length of stay when compared with TKA in 91.3% of the cases in the North region, 66.6% in the Northeast, 52.1% in the Southeast, 33.3% in the South, and 27.2% in the Midwest (Table 8) .
Regarding the states, Distrito Federal and Amazonas presented higher length of stay: 8.4 and 7.5 days for TKA and 13.5 and 12.5 days for THA, respectively. Rondônia presented the discrepant result of 27.4 days of hospitalization in THA.
The positive highlights for length of stay in TKA were Espírito Santo, with 3.3 days, and Bahia and Minas Gerais with 3.7 days. For THA, Sergipe presented 4.4 days and Espírito Santo, 5.1 days (Table 1) .
Mortality rate in TKA and THA in Brazil and regions
The mortality rate for arthroplasties in Brazil indicates that the risk of death in THA is nine times higher than in TKA. In the Southeast, hip surgeries presented a 13-fold higher rate of mortality than knee surgeries. The region that presented the smallest difference between the mortality rates for the two procedures was the North, where the mortality rate of THA was three times that of TKA ( Table 9 ).
The state of Paraíba presented a worrysome 11.8% mortality rate for TKA. The highest mortality rates for TKA were observed in Tocantins (0.92%) and Mato Grosso (0.9%; Table 1 ).
Discussion
In Brazil, the data related to public assistance for procedures of primary THA and TKA showed worrisome results, which highlights the immediate and future need for planning and management for surgical treatment for gonarthrosis and coxarthrosis.
Worldwide, TKA and THA are in rapid expansion, particularly the former, which present a more marked increase in the number of procedures than the latter. 12 This trend stems from the aging of the global population, as well as from an increase in the sequelae from trauma and obesity. 17 Sports injuries also contribute to the need for these surgeries, which are responsible for the growth in arthroplasties in ever younger patients. 18 Socioeconomic studies on arthroplasties are increasingly frequent. In 2005, in the United States, approximately 500,000 knee replacements accounted for $11 billion in expenses 19 ; while in Australia, one billion Australian dollars were spent on the same procedure in 2015. 20 According to the data available in DATASUS, 189,457 hip and knee surgeries of partial arthroplasties, primary total arthroplasties, revisions, unconventional implants, and post-arthroplastic hip dislocation surgeries were performed in Brazil between 2008 and 2015, generating a cost of R$ 705,793,263.15. 15 In the studied period, Brazil presented annual vegetative growth of 1.24%, 16 and the number of TKA and THA procedures increased by 7.7% and 2.3%, respectively, close to the average of the countries studied ( Table 5 ). Inversion of growth was observed in the biennia of 2011/2012 (−1.8% TKA and −1.4% THA) and 2014/2015 (−2.3% TKA). In these periods, the gross domestic product (GDP) decreased by −2% and −4.2%, respectively, in relation to the previous year. 21, 22 This same economic trend was observed in the 2010/2011 and 2013/2014 biennia, with GDP reductions of −3.8% and −3.3%, respectively; nonetheless, in those years the number of TKA procedures grew by 10.2% and 3.9%, and of THA, by 2.0% and 1.0%. 15, 21, 22 The SUS coverage rate for TKA and THA per 100,000 inhabitants was alarming when compared with those of European countries, the United States, and Australia. SUS performed 36 times less TKA and 24 times less THA than the mean of the developed countries. The countries used in the comparisons had a more aged population percentile, especially Germany and Italy, in which this index was 11% higher. 23 Nonetheless, Australia and Luxembourg presented only 4% more elderly individuals than Brazil and performed 45 times more TKA and 29 times more THA procedures. These results indicate a relevant care deficit, which leads to a reppressed demand of patients awaiting treatment and an overburden to the National Social Security System. Data obtained through the Access to Information Law indicated that, in the study period, 56,111 individuals received Social Security benefits due to coxarthrosis and gonarthrosis. The cost of these benefits provided by the INSS in May 2016 was R$46,695,407.44. 24 Nunley et al. 25 and Lombardi et al. 26 have indicated that the surgical treatment of gonarthrosis and coxarthrosis with arthroplasties substantially decreases the disability indexes, and allows 90% and 98% of patients that undergo TKA and THA to return to their work activities. In 2009, it was estimated that the United States obtained direct and indirect financial benefits of $12 billion from TKA surgery, as these surgeries allowed savings of $19,000 per citizen operated throughout their life, due to a 15% reduction of economic inactivity and an increase of productivity in 85% of patients. 27 In 2010, the mean age of the Brazilian population was 29 years; the projections for 2050 indicate that this mean age will be 44 years, 30% of whom will be elderly. 28 This estimate reinforces the need for a national management plan for the treatment of joint degenerative diseases due to the high growth prospects of these morbidities.
Regarding length of stay in TKA and THA, the mean results observed in Brazil were comparable to those of European countries, 29, 30 but higher than those in the United States. 31 This data presented discrepancies per regions of Brazil, since the North and Northeast presented, on average, one more day of hospitalization for TKA and three more days for THA than the South region. A national plan with management and conduct protocols for patients undergoing this surgery is essential for the improvement of care and reduction of costs.
The mortality rate for TKA in Brazil was similar to that described in the world literature 31 ; however, for THA it was twice that of the United States. 31 It is noteworthy that the Brazilian results expressed only public hospitals, places that usually have intern physicians, a fact that contributes to higher complication rates. 32 The improvement of preoperative risk stratification, as well as protocols for thromboprophylaxis and antibiotic therapy, may contribute to the reduction of these indices.
In Brazil, the number of THA procedures was almost twice that of TKA. One possible explanation is that THA is performed in cases of fracture and joint degeneration, while TKA is almost entirely determined by gonarthrosis, which facilitates the onset of a repressed demand. This gives THA a spontaneous random demand, since deviated fractures require almost compulsory hospitalization for the surgical treatment, something that is not observed in TKA.
A great disparity in care was observed among the five national demographic regions. The South Region, with 16.5% of the elderly population and third in GDP per capita, 33 accounted for 29.1% and 28% of the TKAs and THAs in Brazil, presenting the best arthroplasties per elderly ratio in the country. The Southeast, with 47.2% of the elderly population and the highest GDP per capita, 33 accounted for 57% and 51.6% of TKAs and THAs, respectively, having the second best arthroplasty per elderly ratio. The Midwest region, with 6.1% of the elderly population and the second best GDP per capita, 33 accounted for 3.3% of the TKAs and 6.1% of the THAs. It was observed that the South region, despite having only the third best GDP per capita, provided the best coverage for arthroplasties.
The negative highlights were the Northeast and North regions. The Northeast, which has the lowest GDP per capita 33 and approximately one-quarter of the country's total elderly population, performed only 7.8% and 12.9% of the TKAs and THAs, respectively, showing the worst TKA/elderly ratio and the second worst THA/elderly ratio. In turn, the North, with 5% of the elderly and the fourth GDP per capita, 33 performed 2.6% and 1.2% of the TKAs and THAs, respectively, showing the worst THA/elderly ratio and the second worst TKA/elderly ratio.
It is necessary to create national policies for the professional development and to elaborate protocols for conducting conservative and surgical treatment of coxarthrosis and gonarthrosis in Brazil, as well as to improve data capture for arthroplasties, so that financial resources can be better distributed to improve the healthcare services provided to the Brazilian population.
Study limitations
The information for this study was collected from data available on the websites of public bodies, such as IBGE, ANS, WHO, and the Brazilian Ministry of Health, which were largely based on estimates and may interfere with the accuracy of the results.
Conclusion
The assistance provided by SUS to the Brazilian population for TKA and THA showed unsatisfactory results when compared with the same international indicators, with greater disparity in the North, Northeast, and Midwest regions.
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